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Abstract The diversity of the arthropod fauna from the pacific coast in southern Mexico
was investigated in order to study and compare the biodiversity of two different regions. One
is located within the Biosphere reserve ”La encrucijada” and the second one on the edges of
this reserve at a non-protected region. Both regions are also ecologically different in terms of
humidity and temperature. To collect the material seven different trap methods were used,
arthropods were classified at order level, Diptera also at family level and of the Diptera
family Psychodidae, genera were also identified. Twenty-eight orders have been identified,
showing some regional differences in composition and abundance. As a general conclusion
we observe that no big statistical differences can be observed at order or family level (only
Diptera) between the protected area and the non-protected area. This difference shows an
unexpected greater diversity in the non-protected area. At genus level (only Psychodidae)
however, the diversity of moth flies was slightly greater in the preserved area. We conclude
that climatic variations are probably playing an important role at low systematic level (order
and family) and that human intervention (e.g. agriculture) becomes more important at genus
level.
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1 Introduction
It has been assumed that protected areas conserve species that would not survive elsewhere.
However, this assumption is seldom tested [20], principally in the case of arthropods. The
distribution of diversity is not an easy issue, since the variables that play important roles are
very diverse.
In general, patterns of biodiversity are influenced by many different factors such as lat-
itudinal gradients, climatic conditions, etc. [7,4]. Another important discussion is related
to the change of diversity induced by human impact: effect of agriculture, forestry, loss of
habitat, etc. (e.g. [18,3,1]). Those studies pressure governments to protect different areas in
order to maintain the existing biodiversity highlighting the importance of preserving unal-
tered ecosystems to conserve and study biodiversity.
Additionally, economical strategies have been developed to establish nature reserves
with the integration of people communities [23,5]. This is particularly important for Central
America, from Southern Mexico to Panama, and a part of South America, all of which are
currently considered to be mega-diverse regions today due to the exceptional concentrations
of endemic species [17].
To date, only few studies on arthropod biodiversity and abundance have been carried
out in Southern Mexico, and particularly in Chiapas, where this research was conducted.
Chiapas is a highly interesting region to study insect diversity because it is one of the most
diverse regions in Mexico in terms of flora, fauna, and micro-organisms [9]. This diversity
is, amongst others, a consequence of seven climatic zones in terms of precipitation and
temperature. These consist of hot climates: sub humid, humid, and very humid; semi-hot
areas: sub-humid and humid; and also temperate areas: sub-humid and humid [8], along with
a complex geological history [16,21]. The state of Chiapas has seven Biosphere reserves:
Montes Azules, El Triunfo, Lacan-Tu´n, La Encrucijada, La Sepultura, Selva El Ocote, and
Volca´n Tacana´. Furthermore, about 40 protected areas are dedicated to the preservation of
the high diversity of the region (conanp.gob.mx/, semahn.chiapas.gob.mx/ revised at August
2013).
The arthropod diversity in Southern Mexico, mainly in the state of Chiapas, where plant
and animal diversity and endemic rate is very high (e.g. [15,6,19]) is of great scientific in-
terest for ecological, biogeographical and conservation studies. Thus, the aim of the present
study is to gain insight into the arboreal, flying and soil arthropod diversity at different taxon
levels in two different regions of the south coast of Chiapas, Mexico in order to understand
the mechanisms of loss of biodiversity due to human intervention and climatic variations.
The trapping methods were chosen in an attempt to sample a great range of arthropods in
two different places, one a protected area and the other one in a non-protected area.
2 Material and Methods
2.1 Collection
Collection areas The collection of insects was carried out in two areas Coquitos and La
Cadena. The first collection area is a mangrove forest located in the pacific coast of Mexico
in the Biosphere Reserve La Encrucijada in the southern part of Chiapas, Mexico. La Encru-
cijada covers over 144,000 hectares and is situated between Istmo-Costa and Soconusco and
covers six municipalities: Pijijiapan, Mapastepec, Villa Comaltitla´n, Acapetahua, Huixtla,
and Mazata´n. It is a coastal ecosystem of mangrove estuaries, semi-deciduous tropical forests,
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Fig. 1 Localitation of collection areas, ”Coquitos” and ”La cadena”.
and seasonally flooded coastal forests. The wetlands on the coast of Chiapas are character-
ized by a great diversity of plants and animals and diverse ecosystems inhabited by many
endemic species and a variety of organisms [2]. The mangrove stands are among the most
important mangrove areas of the American Pacific coast. The protection of this conserva-
tion area has been achieved through economic exploitation in order to integrate the people
community living in this region. For this reason some parts are reserved for human pur-
poses such as agriculture, primarily in high regions of the area. And some areas, called zone
of conservation (ZC) by Carabias Lillo et al. [2], are designated to preserve the diversity
without human intervention. The place where the traps were installed is referred to by the
residents as Coquitos, a region located very close to the coast between the mangroves in a
ZC according to Carabias Lillo et al. [2]. The second collection area is called La Cadena.
This area, which is close to Acacoyahua, is located 117 meters above sea level, is not pro-
tected and is characterized by traditional plantations of Cacao and some other agricultural
activities. The distance between both collection zones is approximately 28 km (see figure
1). The average temperature in Coquitos is 28C and in La Cadena it is 27C. The annual
precipitation in Coquitos is 2150 mm. and in La Cadena, it is 3600 mm. Raining season is
from May to October.
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Collection methods Seven different traps were used to collect the samples/arthropods from
and around trees at both sites: arboreal photo-eclector(EcoTech http://www.ecotech-bonn.de)
(hereafter eclector) with two versions, light trap, emergence trap, pitfall trap, sweep netting,
and sticky trap. The eclector traps placed around trunks of standing and fallen trees had a
diameter ranging from 0.2 to 0.8 m. For each standing tree one eclector and one emergence
trap, four light traps, four sticky traps, and four pifall traps were installed. Additionally,
arthropods were also collected from a fallen trunk with open eclectors, which were partic-
ularly suitable for this situation. The traps were set on each tree for 19 days and specimens
were collected every two days. Sticky traps were left for 7 days. Traditional sweep netting
samples were taken around the trees up to a distance of about 5m in order to consider the
fauna of the associated vegetation.
The experimental design consisted in three Bursera simaruba trees in Coquitos, very
close to the mangrove swamps, and three Hymenaea courbaril trees in La Cadena, near
the border of the Biosphere Reserve and close to a river. Three collection trips were made,
each lasted about 20 days and were exclusively dedicated to the collection of specimens:
one during the drought period (April 2011) and the two during the rainy period (June- July
2010, May-June 2012), covering the two most important seasons of the region.
All arthropods are housed by Prof. Juan J. Morrone in the Biology department at the
National University of Mexico (UNAM).
2.2 Analysis methods
In this study we compare the biodiversity of two nearby areas but significantly different in
terms of their ecology. By biodiversity we mean a degree of variation of life forms (gen-
era, families, orders, etc.) which is composed of both number of taxa and distribution of
abundance of these taxa. If the number of taxa is greater, the biodiversity is greater. If the
distribution of taxa is more homogeneous the biodiversity is greater too.
To compare the number of taxa we used rarefaction analysis for both areas (see [13]).
This method consists in to generating a theoretical curve that estimates the number of taxa
that has been found. For this estimation the number of specimens within the collection is
taken into account. With this theoretical curve it is possible to compare the quantity of taxa
for both collections, even if the number of specimens collected is different. However, it is
important to note that this method is only useful if the distribution of individuals for each
different taxon is very smooth in terms of homogeneity, i.e. there is not extremely rare or
common taxon in either area.
In order to check the distribution of taxa, we used the relative species abundance model
as described by Krebs [13] and Hubbell [11]. This method consists of ranking the different
taxa by the number of specimens. Once each taxon is ranked, the abundance (or number of
specimens) of each taxa vs. the rank is plotted. This plot is called dominance-diversity curve
[22]. Usually, the abundance follows a geometric series [14,11], whereby it is possible to fit
with a linear function if we take the logarithmic of the abundance.
All the collected arthropods were classified at order level; the Order Diptera has been
sorted also at family level and in one Diptera family (Psychodidae) genera were also identi-
fied.
The slope m of this line, in some way, measures the homogeneity of the distribution.
The closer it is to 0 the more homogeneous the distribution. Because the way to choose
the rank, m is always less than 0 . However, we would like to have a positive number that
represents the biodiversity (or homogeneity), this means: the greater the number, the greater
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the biodiversity. Then, we can define a biodiversity index as β = −1/m . This value rep-
resents a high biodiversity if β is a big number, and represent a non-biodiverse habitat if
the number is close to zero. β is 0 only if there is only one taxon. β → ∞ if all the taxa
have the same probability to be found (or are perfectly homogeneous). How many taxa we
have depends on how many individuals we have, but for a fixed number of individuals, we
will have more taxa if β is a bigger number. In some way β is an explicit version of the α
Fisher’s parameter.
It is important to point out that this index is only useful if the dominance-diversity curve
is an exponential function; otherwise the linear fit does not represent anything.
3 Results and Discussion
The aim of the present study is to gain insight into the arboreal, flaying and soil arthropod
diversity in the south coast of Chiapas, Mexico. More than 50,000 arthropod specimens were
obtained from the seven traps placed in two collection sites (tables 4 and 5). It has been tried,
as much as was possible under natural conditions, to maintain the same conditions for all
traps during the collection of the arthropods. However, it has been collected, almost twice
in La Cadena in comparison with Coquitos. The rainy season made the collection difficult,
especially in Coquitos, which might be one of the reasons why fewer specimens collected in
that region. In tables 4 and 5, it can be observed that only few specimens were collected with
sweep netting traps. The reason for this is the small amount of time dedicated in comparison
to the other traps, which remained all day and all night for two days before being cleaned
for the next two days. Despite the difficulties in both regions during the collection and the
difference in size between the collections in Coquitos and la Cadena, the trapped orders and
families (only Diptera) are similar in proportions. However, a difference is observable: the
aquatic insects Ephemeroptera and Trichoptera are clearly better represented in La cadena
where the humidity was higher than in Coquitos and a freshwater stream was close to the
collecting area. Some Diptera orders like Mycetophilidae or Chironomidae, which depend
on humid habitats, are also better represented in La Cadena than in Coquitos (table 2). With
the data of tables 1 and 2, we produced rarefaction curves to show the diversity in both
collecting sites (figures 2 and 3). The blue lines represent a confidence of 95%. There is not
a big difference between both areas; however, such difference is statistically representative.
This situation is clearer in the case of family level (Diptera) where La Cadena seems to be a
more diverse area than Coquitos. Even if statistically the difference is representative, is very
small and it may be due to temperature or/and humidity conditions.
Using tables 1 and 2, and a relative species abundance analysis we obtained a dominance-
diversity curve for order and family levels (figures 4 and 5). For both cases, the slope of the
fitted line is greater in the case of Coquitos than it is in the case of La Cadena, which means
that the biodiversity is greater in La Cadena than in Coquitos [11]. We compare both areas
obtaining a biodiversity index at order level of 2.68 and 2.57 for La Cadena and Coquitos
respectively. And at family level (Diptera) with a biodiversity index for La Cadena of 3.21
and for Coquitos of 2.99.
From the collected material the Psychodidae (Diptera) were also determined to genus
level (table 3). In total, we have 1262 psychodids, belonging to 23 genera and several new
species, which will be described in a future systematic work. Applying directly the abun-
dance models and the rarefaction curves, once again we find that the unprotected area seems
to be a richer area. However, looking at figure 6 and table 3, we observe that two of the
genera (Psychoda and Australopericoma) are too frequent or common in the collected re-
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Fig. 2 Rarefaction curves of La Cadena and Coquitos at order level. The blue external lines represent the
confidentiality(95%) of the curve.
Fig. 3 Rarefaction curves of La Cadena and Coquitos at family level (only for Diptera). The blue external
lines represent the confidentiality (95%) of the curve.
gions, which means that these methods dont work. In this case we have two options: It could
be that for some ecological reasons we have a very high abundance of specimens of these
two genera, or it could be an error in the collection, e.g a swarm. In fact, 220 of a total of
234 Psychoda specimens were trapped during one collection trip and with only one trap, the
eclector and 60 of a total of 89 Australopericoma species have been collected in only one
day and again with only one trap: the light trap. For these reasons, we strongly believe that
both data reflect an error on the collection. Since it is not possible to just eliminate the data,
because we cannot know the amount of specimens trapped without ”error” because the traps
could have also trapped some specimens of these genera. The solution is to compare with a
correction that consists of not taking into account these data for the fit on the dominance-
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Fig. 4 Dominance-diversity curve for order level. Biodiversity index for La Cadena: 2.68 and for Coquitos:
2.57.
Fig. 5 Dominance-diversity curve for family level (only for Diptera). Biodiversity index for La Cadena: 3.21
and for Coquitos: 2.99.
diversity curve. Once we have the fit, we obtain a theoretical value that we would obtain for
the Psychoda and Australopericoma genera. With these new data, we produce a theoretical
rarefaction curve. The plot is shown in figure 7. This new curve shows a non-significant dif-
ference between the richness of La Cadena and Coquitos. However, the dominance-diversity
curve shown on figure 7 shows in this study that Psychodidae have a slightly greater diver-
sity in the preserved area, obtaining a biodiversity index of 3.99 in La Cadena and 4.48 in
Coquitos.
8 Mo´nica Morayma Solo´rzano Kraemer et al.
Fig. 6 Dominance-diversity curve at genus level (Diptera: Psychodidae). Biodiversity index for La Cadena:
3.99 and for Coquitos: 4.48.
Fig. 7 Rarefaction curves of La Cadena and Coquitos at genus level (Diptera: Psychodidae). The blue external
lines represent the confidentiality (95%) of the curve. Coquitos represents the results with the data of the
genera Psychoda and Australopericoma and Coquitos T the results with a correction of the total of individuals
for Psychoda and Australopericoma.
We assume that human impact reduces biodiversity because of many different factors.
Fragmentation of ecosystems and habitat isolation e.g. through agriculture and with it mono-
culture, slashing, burning, use of insecticides, etc, play a very important role. On the other
hand, it is known that climate and productivity, and topography of the landscape play also
a very important role in determining the richness of species in a large scale, particularly for
non-insular, terrestrial habitats [4]. In this experiment we played with climate variables as
well as human intervention and measured at different taxonomical levels finding opposite
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results. This led us to conclude that climate variables (such as temperature and humidity)
should play an important role to determinate the arthropod richness at low systematic level
(order and family) and human intervention (in this case agriculture) becomes important at
genus level, since for some arthropods groups like herbivore, predator, seed killers and pol-
linators at a specific level, species richness is strongly, positively related to plant species
richness [10,12].
Perfecto et al. [18] analyzed the changes of arthropod diversity between traditional agro-
systems and monocultures concluding that in traditional agro-systems the diversity was
comparable to the diversity of arthropods found in tropical forest tree canopies. We obtain
similar results, comparing a non-cultivated area and a traditional agro-system, but finding a
slight difference between both systems, concluding that human intervention has an effect on
the biodiversity of an ecological system, even when the perturbation is only with traditional
agro-systems.
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Table 2 Total of Families of Diptera collected in La Cadena in Chiapas, Mexico with 7 different entomolog-
ical traps in the rainy season as well as in the dry season.
Family Sum of count Coquitos % of Total Coquitos Sum of count La cadena % of Total La cadena
Culicidae 276 3.740 107 0.634
Ceratopogonidae 577 7.820 404 2.397
Chironomidae 307 4.161 1290 7.654
Psychodidae 464 6.288 631 3.744
Anisopodidae 0 0.000 1 0.005
Chaoboridae 0 0.000 2 0.011
Limoniidae 34 0.460 219 1.299
Tipulidae 0 0.000 6 0.035
Cecidomyiidae 952 12.903 5464 32.423
Sciaridae 414 5.611 3716 22.050
Keroplatidae 0 0.000 51 0.302
Mycetophilidae 29 0.393 422 2.504
Drosophilidae 2403 32.569 942 5.589
Muscidae 30 0.406 22 0.130
Asilidae 10 0.135 5 0.029
Phoridae 599 8.118 1899 11.268
Dolichopodidae 815 11.046 312 1.851
Tabanidae 46 0.623 2 0.011
Stratiomyidae 6 0.081 13 0.077
Scatopsidae 10 0.135 7 0.041
Tephritidae 0 0.000 11 0.065
Micropezidae 66 0.894 11 0.065
Empididae 50 0.677 46 0.272
Corethrellidae 0 0.000 3 0.017
Other Brachycera 285 3.862 494 2.931
Other Nematocera 5 0.067 424 2.516
Total 7378 100 16852 100
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Table 3 Total of generaof Psychodidae collected in La Cadena and in Coquiotos in the rainy season as well
as in the dry season.
Genera Coquitos Rainy time Coquitos Dry time La Cadena Rainy time La Cadena Dry time
Psychoda 234 8 302 49
Quatiella 0 4 0 1
Neoarisemus 0 4 0 2
Philosepedon 6 0 62 3
Feuerborniella 0 0 9 3
Threticus 0 1 1 16
Maruina 0 0 65 10
Lepidiella 2 0 57 6
Arisemus 0 0 24 17
Alepia 4 0 32 18
Setomimini 1 1 2 6
Australopericoma 13 77 0 2
Telmatoscopus 0 0 0 3
Pericoma 2 0 0 0
Brunettia 3 0 9 1
Lutzomyia 58 4 7 6
Mormia 0 0 0 3
n.gen. 0 0 0 3
Clogmia 0 0 0 1
Trichomyia 3 6 7 34
Duckhousiella 0 0 0 1
Septemtrichomyia 0 0 0 5
Opisthotrichomyia 0 6 0 38
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Table 4 Total of specimens of the different traps used to collect in Bursera simaruba within the Biosphere
reserve La Encrucijada in the collection area Coquitos (C) and collected in Hymenaea courbaril in the collec-
tion area La Ccadena (L). EO: Eklektor open, E: Eklektor, M: Malaise, PT: Pitfall trap, LT: Light trap, SN:
Sweep netting, ST: Sticky trap.
Order EO C E C M C LT C PT C ST C SN C EO L E L M L LT L PT L ST L SN L
Acari 338 91 188 21 74 180 17 241 279 209 1828 134 298 2
Aranea 18 153 55 20 32 171 39 47 78 97 34 71 111 9
Scorpionida 2 1 0 0 0 0 0 2 0 0 0 0 0 0
Pseudoscorpionida 0 0 1 0 3 0 0 4 9 0 1 2 2 0
Collembola 52 408 20 8 242 298 4 460 529 992 27 724 464 5
Embiidina 0 3 0 3 0 6 0 0 0 0 5 0 10 0
Ephemeroptera 0 0 0 0 0 0 0 0 0 4 15 0 2 0
Blattodea 0 15 7 5 10 20 10 0 6 11 2 2 28 0
Isoptera 0 0 0 34 2 90 1 7 5 16 100 3 599 0
Orthoptera 0 30 7 1 38 14 5 8 19 210 1 63 24 8
Psocoptera 0 54 36 6 3 144 9 5 59 196 41 21 82 2
Thysanoptera 5 9 14 4 4 98 2 11 20 20 39 29 254 0
Auchenorrhyncha 0 36 43 26 25 445 1 18 19 583 47 41 372 12
Sternorrhyncha 0 1 2 1 2 25 0 5 2 26 14 11 89 0
Heteroptera 2 54 22 4 45 50 3 8 7 61 71 14 89 32
Coleoptera 19 317 66 329 249 557 17 150 185 667 659 324 631 20
Hymenoptera 20 271 149 95 306 1735 46 111 208 1162 310 541 1369 47
Trichoptera 0 0 0 0 0 0 0 0 0 44 59 0 10 2
Lepidoptera 0 58 124 491 2 37 4 4 14 797 215 1 16 4
Neuroptera 0 1 1 0 4 0 0 1 0 8 2 0 5 3
Diptera 23 2691 1110 1140 31 2304 79 550 866 9518 575 215 4980 148
Mecoptera 0 0 0 0 0 0 0 0 0 1 0 0 0 0
Diplopoda 0 0 0 0 0 0 0 0 0 0 0 0 3 0
Chilopoda 0 0 0 0 0 0 0 0 0 0 0 2 0 0
Isopoda 8 1 1 0 0 5 2 0 0 0 0 0 0 0
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Table 5 Bias of the different traps used to collect in Bursera simaruba within the Biosphere reserve La
Encrucijada in the collection area Coquitos. And in Hymenaea courbaril on the edges of the Biosphere reserve
La Encrucijada in the collection area La Cadena. EO: Eklektor open, E: Eklektor, M: Malaise, PT: Ptifall trap,
LT: Light trap, SN: Sweep netting, ST: Sticky trap.
Family EO C E C M C LT C PT C ST C SN C EO L E L M L LT L PT L ST L SN L
Culicidae 0 16 174 0 53 23 10 1 5 52 0 1 0 48
Ceratopogonidae 2 110 33 0 186 238 8 0 38 275 4 41 31 15
Chironomidae 1 7 66 0 7 215 11 1 23 844 3 99 315 5
Psychodidae 5 273 31 1 98 56 0 20 4 498 0 56 51 2
Anisopodidae 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Chaoboridae 0 0 0 0 0 0 0 0 2 0 0 0 0 0
Limoniidae 0 1 20 4 5 3 1 0 8 202 0 7 2 0
Tipulidae 0 0 0 0 0 0 0 1 0 4 1 0 0 0
Cecidomyiidae 5 470 319 0 17 128 13 159 275 4886 42 44 112 21
Sciaridae 1 35 230 0 2 144 2 13 56 1636 10 125 1876 1
Keroplatidae 0 0 0 0 0 0 0 4 12 35 0 0 0 0
Mycetophilidae 0 7 18 0 0 4 0 9 9 391 2 0 11 0
Drosophilidae 0 1622 38 18 716 6 3 298 291 196 72 128 40 17
Muscidae 0 1 9 1 0 19 0 0 1 15 5 0 1 0
Asilidae 0 4 5 0 0 0 1 0 0 1 0 1 3 2
Phoridae 1 85 26 2 9 460 16 20 109 75 53 30 1597 1302
Dolichopodidae 3 5 35 4 24 741 3 3 8 158 1 0 137 5
Tabanidae 0 14 32 0 0 0 0 1 0 1 0 0 0 0
Stratiomyidae 0 0 6 0 0 0 0 0 0 12 0 1 0 0
Scatopsidae 0 0 0 0 0 10 0 0 1 1 0 1 4 0
Tephritidae 0 0 0 0 0 0 0 0 0 2 0 0 9 0
Micropezidae 0 0 24 0 0 42 0 0 0 5 0 0 6 0
Empididae 0 0 1 0 0 49 0 0 0 1 0 1 44 0
Corethrelidae 0 0 0 0 0 0 0 0 0 2 0 0 0 0
Other Brachycera 2 41 43 1 23 164 11 20 20 155 22 39 387 19
Other Nematocera 3 0 0 0 0 2 0 0 6 67 0 1 354 0
